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(54) Permeable cements 

(57) A permeable cement composition comprises 
an aqueous slurry of a hydraulic cement including a wa- 
ter-immiscible dispersed fluid phase, such as oil or gas, 
and a hollow particulate material, the hollow particulate 
material being one which breaks down in the presence 



of the cement so as to leave voids which together with 
the dispersed phase create a permeable structure in the 
cement. 
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Description 



compnses a poorly consolidated formation which requires stabilization ^""^"""^ 
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is over 105°C, silica is added in a proportion of 30% to 50% by weight relative to the cement, as is known in the art to 
prevent retrogression of compressive strength. 

[0012] The coarse particles (e.g. hollow spheres, haematite, large particle size cement, etc.) can be present in an 
amount of up to 80% by volume, preferably 30% - 80% by volume, more preferably 30% - 60% by volume, of the solid 
5 materials used to make the slurry. The medium particles (e.g. Portland class G cement, hollow spheres, etc.) can be 
present In an amount of up to 90% by volume, preferably 1 0% - 90% by volume, more preferably 30% - 60% by volume, 
of the solid materials used to make the slurry. The fine particles (e.g. Portland micro-cement, slag, etc.) are preferably 
present in an amount of 0% - 40% by volume, more preferably about 10 % by volume, of the solid materials used to 
make the slurry. 

10 [0013] The liquid fraction of the slurry is typically in the range 38% - 50% by volume of the slurry when the dispersed 
phase is a gas. When the dispersed phase is oil, the water fraction can comprise 38% - 50% by volume of the water 
and solids combined and the oil 40% - 60% by volume of the total. 

[0014] In the case of an oil emulsion, the use of degradable surfactants can be used to mitigate some of the detri- 
mental effects on the cement setting mechanism. Suitable degradable surfactants are, for example, ethoxylated castor 
15 oil surfactants of various ethoxy chain lengths such as those sold by Akzo Nobel under the Berol trade name, e.g. 
Berol 108, B27, 829 and 192 (in order of decreasing chain length). 

[001 5] Also falling within the scope of the invention are the following remedial applications of the cement compositions 
described above: 

[0016] Stopping sand production from a well. When the reservoir Is constituted by unconsolidated or poorly consol- 
20 idated sand, or by poorly bound sandstone or where the formation matrix can be easily dissolved by water, fluid flow 
into the well entrains grains of sand. The production of sand can lead to a stoppage in well production. To avoid such 
a situation, a gravel pack or filter screens are normally installed inside the well to stop the sand. Over time, these can 
become soiled or blocked with fine particles and replacing them is difficult and expensive. Placing a permeable cement 
according to the invention behind the casing and producing the formation fluids through this layer can prevent sand 
25 production into the well and prevent it from becoming necessary to perfomn the standard operations. 

[0017] The permeable cement compositions of the invention have the advantage over conventional solutions in that 
a permeable pack can be made without requiring fluid teakoff to concentrate a solid slurry. 

[0018] When gravel-packing (orfrac-packing) long intervals and/or heterogeneous permeability formations excessive 
leakoff may occur in certain areas leading to premature screen out and Incomplete packing of the annulus. This has 
30 previously been overcome by mechanical means (shunt tubes). Permeable cement according to the invention will 
provide a chemical means to do the same job by being able to form a permeable-pack without requiring leakoff and 
hence avoiding the potential for screen-out and the need for mechanical placement technologies that anticipate this 
and provide alternative flow paths. 

In some sand-producing formations, where some form of sand control was not used Initially, hydrocarbon production 

35 has led to caverns/voids being formed behind casing. The size of the caverns is unknown (no tools are available to 
measure the size). In such a situation, to stop further formation sand production and/or to support the casing, a con- 
ventional method would be to pump curable resin-coated proppant slurry Into the cavern. Ideally with leakoff this would 
concentrate the slurry forming a permeable consolidated pack in the cavern. However, as the size of the cavern Is 
unknown it is impossible to design a treatment that would guarantee that the entire cavern would be filled. For example 

40 if the leakoff rate is higher than expected then the slurry could dehydrate too quickly causing an early screen out 
perhaps leaving the cavern only half filled. However, with permeable cement according to this invention, it Is possible 
to continue pumping to fill the entire cavern. If the cement displaced reservoir fluid back Into the formation quickly in 
one area as soon as the cement reached the rock face it would not go any further. The slurry behind is still pumpable 
(not dehydrated) so that continued pumping would force the cement to fill the entire cavern. 

45 [0019] Simple replacement of the cement behind the casing. This can be carried out with a conventional cement, 
but then the casing and the new layer of cement needs to be perforated again to re-connect the well to the resen/oir, 
with the risk of the connection not being made if the cement layer is thicker than planned or perforation is not deep 
enough. Injecting a permeable cement according to the invention avoids the need for perforation and typically costs 
less and guarantees that connection will be established in all cases. 

50 [0020] Applications of the permeable cement compositions in primary cementing operations are also possible, as 
follows: 

[0021] When the strength of the formation is sufficient to allow it, or when the well is highly deviated the cost and/or 
difficulty related to effectively placing a casing are avoided by carrying out what Is known as an uncased or barefoot 
completion. Sand packing or gravel packing can then be installed if the resen/oir might produce sand. A preperforated 
55 blank liner can also be employed. Placing a layer of permeable cement at the surface of the well walls can avoid the 
need for such operations. Furthemiore, when the formation of the reservoir is not sufficiently strong for that type of 
simplified completion and It would othenwise have been necessary to put a casing into position with cementing between 
the casing and the well wall, putting the permeable cement of the Invention Into position can reinforce the sides of the 
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well and can avoid the need for a casing and subsequent perforation thereof 

Z^^" ^^-^P'^'io" ^'rt'i f casing is unavoidable because the rock of the reservoir is very pooriy consolidated, 
placing the pemieable cement of the invention between the casing and the sides of the well, Instead of a conventlona 
r™ • ^nru" *® 9'^^®' packing or sand packing which is very expensive 

[0023] The invention will now be described by way of the foltowing non-limiting examples: 

EXAMPLE 1 



10 



IS 



20 



25 



30 



35 



40 



M24] Slurn^ A reference): This slurry corresponds to the prior art. It comprises a class G cement and water such 

ShT .h ? ^ ^'^^"^'^♦^^ '"^♦'^anol; and a mixture of ethanol. 2 butoxyethanol anS ammonium 

alcohol e thoxysulfate - chain length 6 - 10) in an amount of 0.084 gallons per sack (0.007 I/kg) of powder to obtain a 
S^^rS' °' °* .^presented 40% of the final volume of the foamed sS 

0025] The compressive strength and water permeability are measured using samples which are left at ambient 

emperature and atatmosphericpressure for 48 hours (h)then in an oven at 85»Cfor5days. The compressive strength 
IS expressed in MPa, with pounds per square inch (psi) in brackets. 

ISS II'® ^"^J^^ °* ^ s'""y Prepared In accordance with the Invention is presented and compared- 
SI 2 l°l ^"^^"^ ^'^^^'^ comprising 30% by volume of haematite particles with a mean 
o 11 300 microns; 30% by volume of hollow cenospheres with a mean size of 180 microns; 30% by volume 
It, !nH f 'ITT °' " Portland/slag micro-cement with a mean size of about 3 microns 

Water and a polynaphthalene sulfonate-based super-plasticizer in an amount of 0.07 gallons per sack (0 006 l/kq) o 

Tr °' '^""^ -'"^^ 40%. 't Should be 0 ed 

igps = 0.0834 of additive per kg of mixture. 

!!SJi^/r '^J 'T®" "f"^ ^^"^ procedure, after adding surfactants as in Sluny A, to obtain a foam 

'''^ ^'"""^ °* represented 40% of the final volume of the foamed slurry) 

[0029] The compressive strength and water penneabllity are measured using samples which are left at ambient 
temperature and at atmospheric pressure for 48 h then In an oven at 85X for 5 days. 



Slurry 


A (reference) 


B 


Porosity before foaming 


59% 


40% 


Compressive strength, MPa (psi) 


5.93 (860) 


5.59 (810) 


Water permeability (Darcy) 


0.008 


1.2 



™L^^'' ^^"'^"etrates that a composition within the scope of the invention can provide comparable 

S^Zy'oZ J^r' ''^'^''y P-meability. des^te the lower 

EXAMPLE 2 



45 



50 



55 



Kre p'2eE!?cZarer" '"""'"^ "'^ '^^'"^ ^ 

°f'';^'"rn^- "^''^^re of powders is prepared comprising 30% by volume of haematite parttoles with a mean size of 

P^lnS^ZlZ"LT^.1: "T' ''''''' ' "^'^ °' 30% by volume of cS G 

Portland cement and 10% by volume of a Portland/slag micro-cement with a mean size of about 3 microns Water and 

mS wL Iff ' sulfonate-based super-plasticizer in an amount of 0.07 gallons per sack of powder (0.006 I/kg) are 
Sl^fc jr^Tn ^"^'^"'"96 of liquid in the slurn. Is 40%. Surfactants are added to fhe 

basic slurry and the slurries foamed to obtain a foam qualities of 30% to 50% (a foam quality of 30% means that he 
foam volume represents 30% of the final volume of the slurry). y oi -su /• means mat me 



Slurry 


CI 


C2 


03 


04 


05 


Porosity before foaming 


40% 


40% 


40% 


40% 


40% 


Foam quality 


30% 


35% 


40% 


45% 


50% 
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(continued) 



Slurry 


CI 


C2 


C3 


C4 


C5 


Compressive strength, MPa (psi) 


8,27 
(1200) 


6.90 
(1000) 


5.59 
(810) 


4.48 
(650) 


2.83 
(410) 


Water permeability (Darcy) 


0.0045 


0.160 


1.2 


6.1 


>12 



[0032] The compressive strength and water permeability are measured using samples which are left at ambient 
temperature and at atmospheric pressure for 48 h then in an oven at 85°C for 5 days. 

EXAMPLE 3 

[0033] The properties of two slurries prepared in accordance with the invention, both containing self-destructive 
particles but with coarse particles of differing size and nature, are presented and compared: 
Slurry D: A mixture of powders Is prepared comprising 30% by volume of haematite particles with a mean size of about 
300 microns; 30% by volume of hollow cenospheres) with a mean size of 180 microns; 30% by volume of class G 
Portland cement and 10% by volume of a Portland/slag micro-cement with a mean size of about 3 microns. Water and 
a polynaphthalene sulfonate-based super-plasticizer in an amount of 0.07 gallons per sack of powder (0.006 I/kg) are 
mixed with this powder such that the volume percentage of liquid in the slurry is 40%. 

[0034] Slurry E: A mixture of powders is prepared comprising 30% by volume of calcium carbonate particles with a 
mean size of about 500 microns; 30% by volume of hollow cenospheres with a mean size of 180 microns; 30% by 
volume of class G Portland cement and 10% by volume of a Portland/slag micro-cement with a mean size of about 3 
microns. Water and a polynaphthalene sulfonate-based super-plasticizer in an amount of 0.07 gallons per sack of 
25 powder (0,006 I/kg) are mixed with this powder such that the volume percentage of liquid in the slurry is 40%. 

[0035] These two slurries are foamed using the same procedure, after adding surfactants as in slurry A, to obtain a 
foam quality of 35% (i.e., the volume of the foam represented 35% of the final volume of the foamed slurry). 



Slurry 


D 


E 


Porosity before foaming 


40% 


40% 


Compressive strength 


6.90(1000) 


5.79 (840) 


Water permeability (D) 


0.160 


0.270 



35 

[0036] The compressive strength and water permeability are measured using samples which are left at ambient 
temperature and at atmospheric pressure for 48 h then in an oven at 85''C for 5 days. 

Example 4 

40 

[0037] A formulation demonstrating good properties with 60% particles of average size between 20 and 50 microns 
and 30% of large particles. 

[0038] A powder blend is mixed containing 1 0% by volume mix portland micro-cement/slag, average size 3 microns, 
60% class G cement and 30% hollow spheres of average size 320 microns. Water and polynaphthalene sulphonate 
45 dispersant (0.07 gallons per sack of powder blend, 0.006 I/kg) are added so that the volume of liquid in the slurry is 
45% and the slurry is foamed as above to obtain a foam quality of 40%. 

[0039] The slurry is heated in a sealed container for two days at 85''C. The resultant cement has a permeability of 
1 .2 darcy and a compressive strength of 910 psi. 

50 Example 5 

[0040] A formulation demonstrating that high penneabillty can be obtained with two particle sizes only and with 40% 
fine particles. 

[0041] A powder blend is mixed containing 40% by volume Portland micro-cement/slag, average size 3 microns, 
55 30% hollow spheres of average size 180 microns and 30% hematite of average size 300 microns. Water and poly- 
naphthalene sulphonate dispersant (0.07 gallons per sack of powder blend, 0.006 I/kg) are added so that the volume 
of liquid in the slurry is 45% and the slurry is foamed as above to obtain a foam quality of 55%. 
[0042] The slurry is left in a sealed container for two days at ambient temperature and then 5 days in an oven at 
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85»C. The resultant cement has a permeability of 13 darcy and a compressive strength of 300 psi. 
Example 6 

[0043] A formulation including large particle size cement as some of the large particles giving increased compressive 
strength whilst retaining significant penneability 

[00441 The formulation Is identical to C3 above in Example 3 (40% foam, 30% hematite, 30% hollow spheres 30% 
cement and 10% micro cement) except that hematite is replaced by large particle cement. Formulation C3 has a 
permeability of 1 .2 darcy and compressive strength of 81 0 psI. This fomiulation with hematite replaced by large particle 
size cement has pemieabillty of 0.62 Darcy but compressive strength increases to 1240 psi. 

Example 7 

[0045] Permeable cement can be made without large particles. 

[0046] A powder blend is mixed containing 1 0% by volume mix Portland mIcro-cement/slag, average size 3 microns 
35% class G cement and 55% hollow spheres of average size 55 microns. Water and polynaphthalene sulphonate 
dispersant (0.07 gallons per sack of powder blend, 0.006 I/kg) are added so that the volume of liquid in the slurry is 
45% and the slurry is foamed as above to obtain a foam quality of 40%. 

[0047] The slurry is left in a sealed container for two days at ambient temperature and then 5 days in an oven at 
SSX. The resultant cement has a permeability of 0.15 darcy and a compressive strength of 1310 psi. 

Emulsion formulations 

[0048] One approach for emulsion formulations within the scope of the invention is to make the slurry blend (particles 
dispersant and water) and then mix in surfactant and oil to give an emulsion (oil in cement phase or cement phase iri 
oil depending on the surfactant). 

Example 8 

[0049] A powder base made up with 30% cement (medium particles), 10% micro cement (fine particles), 30% hollow 
spheres and 30% hematite (large particles). Water is added to be 40% by volume of the slurry and the same dispersant 
IS used as in the foam fonnulations described above. Surfactant is added at 0.04 gallons per sack of powders (0 003 
Vkg) and oil is added so as to be 40% of the volume of the total emulsion system. The oil used is a linear alphaolefin 
The slurnes are placed in an oven for 2 days at 85°C. 

[0050] Two surfactants are used - a sulfated ethoxylated nonyl phenol (slurry F) and an ethylene-oxide propylene 
oxide surfactant with a cloud point at around 60°C (slurry G). 

[0051] Slurry F shows a compressive strength of 345 psi and permeability to water <0.1 md. Slurry G shows a com- 
pressive strength of 649 psi and permeability to water of 2.5 md and a permeability to oil of 20 md. 

Example 9 

[0052] A powder base is prepared with 30% cement, 1 0% micro cement, 50% hollow spheres and 1 0% large particle 
size cement. Water is added so as to be 40% by volume of the slurry and a dispersant used as in the foam examples 
above. Oil is added at 40%, 50% or 60% of volume of total and the surfactant is used at 0.9% by volume of oil added 
The slurries are placed in an oven for 2 days at 85°C. 

[0053] 40% oil slurry: permeability to water of 4md, compressive strength =481 psi 50% oil slurry: permeability to 
water of 78md and a penneability to oil of 249 md, compressive strength to water of 349 psi 60% oil slurry permeability 
to waterof61md, compressive strength =138 psi 

[0054] Increasing the amount of oil allows greater connectivity with other oil droplets and with hollow spheres so as 
to create a potentially permeable structure. High levels of oil and surfactant can inhibit setting of the cement and hence 
inhibit the destruction of the hollow spheres which in tum impacts the permeability of the final cement. 

Example 10 

[0055] By using a degradable surfactant the impact on development of a permeable structure as described above 
can be mitigated. 

[0056] A powder base is made up with 30% cement, 1 0% micro cement. 50% hollow spheres and 1 0% large particle 
size cement and water is added so as to be 40% by volume of the slurry and dispersant used as in the foam examples 
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above. Three ethoxylated castor oit surfactants are used with decreasing ethoxy- chain lengths - surfactant A > sur- 
factant B > surfactant C. The surfactants are used at 0.06 gallons per sack of powders (0.005 I/kg). Oil is added so as 
to be 40% of the volume of the total emulsion system. The oil used is a linear alphaolefin. The fluids are placed in an 
oven for 2 days at 85**C. 

5 [0057] Surfactant A system: permeability to water of 0.1 md, compressive strength 618 psi Surfactant B system: 
permeability to water of 4.5 md, compressive strength 449 psi Surfactant C system: permeability to water of 75 md, 
compressive strength 1208 psi 

Example 11 

10 

[0058] A powder base is made up with 1 0% micro cement, 30% class G cement, 30% hematite, 30% hollow spheres. 
The powder is mixed with water and dispersant (total 40% of slurry volume) and the resulting slurry placed under 3000 
psi pressure for 1 0 minutes to simulate the effect of well pressures on the hollow spheres (some may break). The slurry 
is then foamed to 40% quality and put in a sealed cell for 2 days at 85''C. After setting the initial permeability to water 
15 is 8.9 Darcy decreasing with time and rate to 3 Darcy. The pemieability to oil of the same sample is 1 3 Darcy increasing 
to 19 Darcy with time and rate. The difference in permeability to oil and water will allow preferential production of oil 
from a formation producing both oil and water. 



20 Claims 

1 . A permeable cement composition, comprising an aqueous slurry of a hydraulic cement including a water-immiscible 
dispersed fluid phase and a hollow particulate material, the hollow particulate material being one which breaks 
down in the presence of the cement so as to leave voids which together with the dispersed phase create a per- 

25 meable stmcture In the cement. 

2. A cement composition as claimed in claim 1 , wherein the hollow particulate material comprises micro-spheres or 
cenospheres. 

30 3. A cement composition as claimed in claim 1 or 2, wherein the hollow particulate material has particles sizes in the 
range 350 - 50 microns. 

4. A cement composition as claimed in any of claims 1 - 3, wherein the hollow particulate material Is present in an 
amount of 10% - 60% by volume of dry materials used to make the slurry. 

35 

5. A cement composition as claimed in any preceding claim, wherein the dispersed fluid phase comprises air, nitrogen 
or oit. 

6. A cement composition as claimed in any preceding claim, wherein the cement comprises Portland cement, poz- 
40 zolanic material, blast furnace slag, fly ash, pozzolana, calcined clays, high-alumina cements, plaster, Sorel ce- 
ment, or activated pozzolanic cements. 

7. A cement composition as claimed in any preceding claim, wherein the slurry comprises solid materials including 
a combination of at least two of a fine particulate material having particle sizes in the range 0.1-10 micron, a 

45 medium particulate material having particle sizes in the range 20 - 60 micron and a coarse particles having particle 

sizes in the range 100 - 800 micron. 

8. A cement composition as claimed in claim 7, wherein the fine particulate material comprises micro-cement. 

50 9. A cement composition as claimed in claim 7, wherein the coarse particulate material comprises large particle size 
cement. 

10. A cement composition as claimed in any of claims 7 - 9, wherein the hollow particulate material comprises the 
medium or coarse particulate material. 

55 

11. A cement composition as claimed In any of claims 7-10, wherein the coarse particulate material is present in an 
amount of 30% - 80% by volume of dry materials used to make the slurry. 
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12. A cement composition as claimed In claim 11, wlierein the coarse particulate material is present in an amount of 
30 /o - 60% by volunre of dry materials used to make the slurry. 

13. A cement composition as claimed in any of claims 7 - 12, wherein the medium particulate material Is present in 
an amount of 10% - 90% by volume of dry materials used to make the slurry 

14. A cement composition as claimed In claim 13, wherein the medium particulate material is present in an amount of 
30 /o - 60% by volume of solid material used to make the slurry. 

15. A cement composition as claimed in any of claims 7 - 14, wherein the fine particulate material is present in an 
amount of up to 40% by volume of dry materials used to make the slurry. 

16. A cement composition as claimed in claim 15, wherein the fine particulate material is present in an amount of about 
10% by volume of dry materials used to make the slurry. 

17. A cement composition as claimed in any preceding claim, wherein the slurry comprises a Ikiuid fraction in the 
range 38% - 50% by volume of the slurry when the dispersed phase is a gas. 

18. A cement composition as claimed in any of claims 1 - 16, wherein when the dispersed phase comprises oil the 
slurry compnses 38% - 50% by volume of an aqueous phase and 40% - 60% by volume of the total of oil. 

19. A cement compositton as claimed in any preceding claim, wherein the slurry further comprises a degradable sur- 
factant. 

20. A cement compositton as claimed in claim 1 9, wherein the degradable surfactant comprises an ethoxylated castor 

21. A cement compositton as claimed in any of claims 1-18, wherein the slurry further comprises a surfactant with a 

cloud point. 

22. A method of remedial treatment of voids behind casing in a borehole, comprising pumping a cement slurry into 
the void and allowing it to set, the cement slurry comprising an aqueous slurry of a hydraulic cement including a 
water-immiscible dispersed fluid phase and a hollow particulate material, the hollow particulate material being one 
which breaks down in the presence of the cement so as to leave voids which together with the dispersed phase 
create a permeable structure in the cement. 

23. A method of completing a well, comprising pumping a cement slurry into an annulus around a casing screen or 
slotted liner placed in a well and allowing it to set, the cement slurry comprising an aqueous slurry of a hydraulic 
cement including a water-immiscible dispersed fluid phase and a hollow partteulate material, the hollow particulate 
matenal being one which breaks down In the presence of the cement so as to leave voids which together with the 
dispersed phase create a penneable structure In the cement. 

24. A method of preventing sand production from an underground formation into a well, comprising pumping a cement 
s urry into a region adjacent the formation and allowing it to set, the cement slurry comprising an aqueous slurry 
of a hydraulic cement Including a water-Immiscible dispersed fluid phase and a hollow particulate material the 
hollow particulate material being one which breaks down in the presence of the cement so as to leave voids whtoh 
together with the dispersed phase create a permeable structure in the cement. 

25. A method of replacing eroded cement behind a casing in a well, comprising pumping a cement slurry into the 
region of the eroded cement and allowing it to set, the cement slurry comprising an aqueous slurry of a hydraulto 
cement including a water-immiscible dispersed fluid phase and a hollow particulate material, the hollow particulate 
matenal being one which breaks down in the presence of the cement so as to leave voids whtoh together with the 
dispersed phase create a penneable structure In the cement. 

26. A method of selectively producing oil from an oil and water producing formatton, comprising pumping a cement 
slurry into or adjacent to a producing formation, allowing the cement to set, so as to produce fluid from the reservoir 
with an Oil water ratio higher than would normally be possible from an untreated formatton, the cement slurry 
compnsing an aqueous slurry of a hydraulto cement including a water-immiscible dispersed fluid phase and a 
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hollow particulate material, the hollow particulate material being one which breaks down in the presence of the 
cement so as to leave voids which together with the dispersed phase create a pemneable structure in the cement. 
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